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Abstract

Global Patterns of Benthic Hypoxia
and Anoxia: Causes, Responses,
and Altered Energy Flows

ynthesis of literature pertaining to benthicShypoxia and anoxia (Diaz and Rosenberg,
1995) revealed that community and

population responses to low dissolved oxygen
stress were similar across all ecosystems and
followed a hierarchical pattern. The occurrence
of hypoxia and anoxia is expanding with
significant structural and functional changes in
affected benthic communities. Benthic-pelagic
coupling is also adversely affected. No other
environmental variable of such ecological
importance to coastal marine ecosystems
around the world has changed so drastically in
such a short period as dissolved oxygen. While
hypoxic and anoxic environments have existed
through geological time, their occurrence in
shallow coastal and estuarine areas appears to
be increasing, most likely accelerated by human
activities. The oxygen budgets of most major
coastal ecosystems have been adversely affected
mainly through the process of eutrophication,
which acts as an accelerant or enhancing factor
to hypoxia and anoxia. Many ecosystems that
are now severely stressed by hypoxia appear to
be near or at a threshold of imminent collapse
(loss of fisheries, loss of biodiversity, lower
system ascendancy).

 Introduction

No other environmental variable of such eco-
logical importance to coastal marine ecosystems
around the world has changed so drastically in
such a short period as dissolved oxygen. While
hypoxic and anoxic environments have existed
through geological time, their occurrence in
shallow coastal and estuarine areas appears to
be increasing, most likely accelerated by human
activities. Synthesis of literature pertaining to
benthic hypoxia and anoxia (Diaz and Rosen-
berg, 1995) revealed that the oxygen budgets of
most major coastal ecosystems have been
adversely affected mainly through the process
of eutrophication, which acts as an accelerant or
enhancing factor to hypoxia and anoxia. Many
ecosystems that are now severely stressed by
hypoxia appear to be near or at a threshold of
imminent collapse (loss of fisheries, loss of bio-
diversity, lower system ascendancy). Hypoxic
events on the Louisiana shelf will be discussed
relative to world wide problems with low
dissolved oxygen.

 System Summaries

Limfjorden, Denmark 

# Experiences seasonal summertime hypoxia. 

# Oxycline can be sharp with >5.6 ml/l at
0.5 m and 0.4 ml/l at 0.05m above the
bottom. 
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# Annual mass mortality and recolonization # The result was mass mortality of benthos,
occurs. 

# Also, Beggiatoa spp. occur in some areas all
year.

Gullmarsfjord, Sweden 

# Oxygen concentration has declined
gradually from the 1950's but remained
above 2 ml/l. 

– Fauna appeared stable up to 1979. 

# During the winter of 1979 severe Hypoxia
occurred, reaching 0.8 ml/l. 

– Fauna remained stable.

# Hypoxia continued and in January 1980
hypoxia reached 0.2 ml/l. 

– Mass mortality of fauna occurred.

Upwelling & Oxygen Minimum Zone 

# Stable hypoxia associated with high quality
organics. 

# Leads to low diversity, but stable high
abundance and biomass fauna.

Kiel Bay, Germany 

# A declining trend in dissolved oxygen has
been observed since 1950's.

# Periodic hypoxia began in the 1960's.

– Mortality of fauna was observed.

 # In 1981 and 1983 severe hypoxia occurred.

– Mass mortality of fauna.

– Shift in fauna to opportunistic species.

 # The 1981 event was widespread in all parts
of Kiel Bay, with H S and Anoxia at2

> 20 m.

– Event was several weeks long.

99 percent of biomass died.

– 30,000 mt of macrofauna died, 750 km .2

Kattegat, Sweden-Denmark

# Classic description of benthic communities
from this area. Fisheries well developed.

# By the 1970's there was speculation that the
ecosystem was not doing well.

# Annual hypoxia began in 1980. 

– First observations of fish and benthos
mortality. 

– 1984 record high catches in trawl
fisheries.

# Hypoxia was severe by 1985 and worsening. 

– Mortality of benthos, fisheries reduced
to low levels.

# In 1988, 3,000 km  affected. 2

– Mass mortality of benthos and fisheries,
poor recovery.

LA-TX Continental Shelf

# Chronic mild hypoxia may have existed, no
long-term data.

# The first measured hypoxic event was in
1973. 

– Reductions in fauna. 

– No mass mortality.

# In 1978 severe hypoxia occurred. 

– Mass mortality of benthos. 

– Shift to opportunistic species. 

– Low fishery catches.
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# Currently 8,000–9,500 km  are affected 1960's in the deep basins.2

annually. 

– Mass mortality of benthos. present, large deep bottom areas of the

– Low fishery catches.

Black Sea
 
# Average depth of 1270 m, the largest mass

of "naturally occurring" permanently anoxic
water on earth.

# About 90 percent of its 5.4 × 105 km3

volume is anoxic beginning at depths of 150
to 250 m.

# Permanently hypoxic below about 100 m

# Ukrainian northwestern Black Sea shelf is
critically eutrophic, periodic hypoxia and
anoxia is wide-spread encompassing all of
the Sea of Azov and up to 95 percent of the
Ukrainian northwestern shelf.

# Periodic events are distinct from the per-
manent anoxic layer and lead to mass
mortalities of benthic populations that
colonize the area during normoxic periods.

# In 1991, anoxia along the Romanian coast
eliminated an estimated 50 percent of the
demersal fish populations.

# Since the 1960's increasing hypoxia and
anoxia have been blamed for the replace-
ment of the highly valued demersal fish
species with planktic omnivores.

# Of the 26 commercial species fished in the
1960's only 6 still support a fishery.

Baltic Sea

# Trend of declining oxygen concentrations
was documented from the 1930's to the late

# Beginning in the 1960's and lasting up to the

Baltic Sea have been mostly permanently
hypoxic or anoxic and devoid of benthic
macrofauna.

# Below the halocline, at about 70 m, approxi-
mately 100000 km2 of the bottom is more
or less permanently hypoxic.

# No significant change in the bottom water
oxygen content has occurred up to 1993.

# Biomass "missing" in the anoxic areas
estimated to be 1.7 × 106 t wet wt

# Periodic hypoxia in the mesohaline Born-
holm Basin in the south Baltic was reported
as early as 1948.

# Benthic communities were reduced and
even eliminated during periods of hypoxia
or anoxia and how bottoms were
recolonized following a subsequent return
of normoxia.
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Table 5.
Summary of benthic effects for hypoxic systems around the world. Several of these systems

also experience anoxia. In the case of many fjords, and coastal and oceanic oxygen minimum
zones (OMZ) there is an anoxic zone within which no macrofauna occur. The absence of

fauna from these anoxic zones is not considered a community response but a consequence of
stable anoxia. Hypoxia is typed as: Aperiodic—events that are known to occur at irregular
intervals greater than a year; Periodic—events occurring at regular intervals shorter than a

year, related to tidal stratification/destratification cycles (Haas, 1977); Seasonal—yearly events
relate to summer or autumnal stratification; Persistent—year-round hypoxia. Levels of hypoxia
are: Moderate— oxygen decline to about 0.5 ml/l; Severe—decline to near anoxic levels, could

also become anoxic. Time trends of hypoxia, areal and or intensity, for the systems are: -=
Improving conditions; + = Gradually increasing; ++ = rapidly increasing; 0 = stable; . = no

temporal data. Benthic community response is categorized as: None—communities appear
similar before and after hypoxic event; mortality—moderate reductions of populations, many

species survive; Mass Mort.—drastic reduction or elimination of the benthos. Benthic recovery
is: No change—dynamics appear unrelated to hypoxia; Some—recolonization occurs but
community does not return to prehypoxic structure; Slow—gradual return of community

structure taking more than a year; Annual—recolonization and return of community structure
within a year.


